Aim: Reliable liver stiffness measurements (RLSM) using Transient Elastography (TE) with the standard M probe are difficult to obtain in overweight (BMI≥25kg/m 2 ) and obese (BMI>30kg/m 2 ) patients. The aim of our paper was to assess the feasibility of TE in daily practice using both M and XL probes. Material and method: We studied retrospectively 3235 patients with chronic liver disease assessed by TE first by the M probe (standard probe -transducer frequency 3.5 MHz), and if the measurements were unreliable, with the XL probe (transducer frequency 2.5 MHz). Reliable measurements were defined as the median of 10 valid measurements with a success rate ≥ 60% and an interquartile range < 30%. Results of liver elasticity were expressed in kiloPascals (kPa). Results: RLSM by M probe were obtained in 62.2% (2015/3235) patients, and by XL probe in 1011/1220 (80%) of patients with unreliable measurements by M probe; thus we obtained RLSM in 93.5% of 3235 cases.
Introduction
Considering liver biopsy an invasive procedure, many patients with chronic liver diseases prefer to choose a noninvasive method for the assessment of liver fibrosis. For many years, as proven by meta-analyses, Transient Elastography (TE) has been considered to be a standard noninvasive procedure for liver fibrosis evaluation [1] [2] [3] [4] . This procedure is performed in less than 5 minutes, is painless, repeatable and well accepted by patients. In many European centers, introduction of TE has led to a decrease in the need for liver biopsies performed for the assessment of chronic liver diseases [5, 6] . This is due to patients' preference, but also to the fact that TE is accepted by physicians and international guidelines [7] as a reliable tool for diagnosing significant fibrosis.
But what are the criticisms of this method? It can discriminate well enough between mild and severe fibrosis [1] [2] [3] [4] , but it cannot discriminate between successive stages of fibrosis. Especially absent and mild fibrosis are difficult to differentiate, since an overlap between values has been observed. Maybe the most important drawback is the method's feasibility. Castera et al was the first to show in a very large cohort of patients, that valid measurements can be obtained in only approximately 85% of cases by a standard M probe [8] . In a more recent study, Șirli et al evaluated the real-life feasibility of TE by a standard M probe, and found that valid measurements can be obtained in approximately 70% of cases [9] . However, the population evaluated in this study had a higher mean body mass index (BMI) as compared with the French population evaluated by Castera et al [8] , hence a poorer feasibility.
Reliable measurements in TE are defined as median value of 10 valid LSM with a success rate (SR) ≥60% and an interquartile range interval (IQR) <30% [10, 11] . Unreliable TE measurements were considered the following situations: fewer than 10 valid shots, SR <60% and/or IQR ≥30% [8, 12] . In large studies the rate of reliable measurements with the M probe, the "intent to diagnose", was reported to be 70% [9] and 85% [8] , which is not enough for daily practice! This is why the producer of the FibroScan device (EchoSens, Paris, France) developed the XL probe to be used in overweight and obese patients. By decreasing the frequency of the probe to 2.5MHz as compared with 3.5MHz in the standard M probe, the penetration of ultrasound waves increases, and thus the method's feasibility increases [13] .
In real life, the prevalence of overweight (Body Mass Index -BMI ≥ 25kg/m 2 ) and obese (BMI ≥ 30kg/m 2 ) patients is increasing in all developed countries [14] . On the other hand, diabetes mellitus and hypertriglyceridemia are common diseases in the civilized world. These are the main causes of non-alcoholic fatty liver diseases (NAFLD) and, in a proportion of subjects, of non-alcoholic steatohepatitis (NASH) that can progress to liver fibrosis and cirrhosis. The assessment of liver fibrosis in NASH patients is very important for prognosis, but it can be difficult by TE with the M probe, since many of them are overweight and obese.
The aim of our study was to evaluate the feasibility of Transient Elastography in daily practice, using both standard M and XL probes, and the feasibility of TE in overweight and obese patients.
Material and method
Patients and liver stiffness measurements Our retrospective study included 3235 patients with chronic liver disease (chronic hepatitis C, chronic hepatitis B, alcoholic steatohepatitis -ASH, NASH, primary biliary cirrhosis, autoimmune hepatitis, etc.) referred to our Department to assess liver fibrosis by TE between January 2012 -October 2014. In all these patients liver stiffness measurements (LSM) were made by Transient Elastography, using a FibroScan® device (EchoSens, Paris, France). After informed consent was obtained, in each patient measurements were made with the M probe (standard probetransducer frequency 3.5 MHz) or XL probe (transducer frequency 2.5 MHz). In all patients the M probe was used first, and if the results were unreliable we used the XL probe. The measurements were made in fasting patients laing in dorsal decubitus with the right arm in maximal abduction. The tip of the probe, covered with coupling gel, was placed on the skin between the ribs aiming at the right liver lobe. The operator, assisted by ultrasound time-motion and A-mode images provided by the system, located a portion of the liver at least 6 cm thick and free of large vascular structures. Once the area of measurement had been located, the operator pressed the probe button to begin an acquisition. Measurements which did not have a correct vibration shape or a correct follow up of the vibration propagation were automatically rejected by the software and considered as invalid measurements.
Ten valid LSM were acquired with each probe, a median was calculated expressed in kiloPascals (kPa). Reliable LS measurements were defined as median of 10 valid measurements with a success rate (SR = ratio of the number of successful acquisitions divided by the total number of acquisitions) ≥60% and an interquartile range (IQR = the range of the middle 50% of the data) <30%. TE measurements were considered unreliable in the following situations: fewer than 10 valid shots, SR<60% and/or IQR≥30%.
All patients signed the informed consent to be evaluated by TE; the study was approved by the local Ethics Committee and was in accordance with the Helsinki Declaration of 1975.
Statistical analysis
The statistical analysis was performed using Microsoft Office Excel 2007 (Microsoft Corporation Redmond, Washington, USA) and GraphPad Prism 6 Program (GraphPad Software Inc, La Jolla, California, USA). Differences between numerical variables were analyzed by the Wilcoxon paired t test. Qualitative variables were presented as numbers and percentages. The Chi-square (X2) test (with Yates' correction for continuity) was used for the comparison of two proportions expressed as a percentage. A p-value less than 0.05 was regarded as significant for each statistical test.
Results

Patients
The studied group included 3235 patients with an average BMI of 28±4.9 kg/m 2 : 1189 normal weight (BMI <25 kg/m 2 ), 1156 overweight (BMI 25-30 kg/m 2 ) and 890 obese (BMI >30 kg/m 2 ). Patients' characteristics are presented in Table 1 .
Liver stiffness measurements Valid measurements were obtained by the M probe in 2015 patients (62.2%) with an average BMI of 26.1 kg/m 2 . The average BMI of the patients evaluated with XL probe was 31.3 kg/m 2 , significantly higher than in patients who could be evaluated by M probe (p<0.0001). Of the 1220 patients with unreliable results with M probe, valid measurements were obtained with XL probe in 1011 patients (80%). Only in 209 cases we did not obtain valid measurements with either probe, finally we obtained valid measurements in 93.5% of cases.
Regarding overweight and obese patients, a total of 2046 patients were examined. In the 1156 overweight patients, reliable LSM were obtained in 1039 (89.9%) cases: in 729 (63.1%) by the standard M probe and in 310 (26.8%) by the XL probe. In the 890 obese patients, reliable measurements were obtained in 746 patients (83.8%), in 164 (18.4%) by the M probe, and in 582 (65.4%) by using the XL probe. Thus, by using both probes, reliable measurements were obtained in 1785 (87.2%) of overweight and obese patients.
As expected, the feasibility decreased with the BMI, so that in severely obese patients (BMI ≥ 40 kg/m 2 ), only 53% could be evaluated, almost all of them with the XL probe (Table II) .
Overall, TE measurements were more feasible in men as compared to women (88.6% vs. 85.4%, p=0.0277). Using M probe, TE measurements were also more feasible in men as compared to women (47.3% vs. 38.9%, p=0.0349), while using XL probe, TE measurements were more feasible in women as compared to men (46.5% vs. 41.3%), but the difference did not reach statistical significance: p=0.4845.
Discussions
TE has been proven to be a valuable method for staging fibrosis by several meta-analyses [1] [2] [3] [4] , and is included in the European Guidelines for diagnosis and treatment of chronic hepatitis C [7] .
Knowing the low rate of valid measurements obtained with the M probe in some population groups (especially in obese and severely obese patients), practical solutions were needed to solve this problem. The XL probe enables the evaluation of patients in whom the M probe was not successful. De Ledinghen et al was the first to show that in severely obese patients (BMI ≥ 40.5 kg/m 2 ), 10 valid measurements were obtained only in 45% of the patients with the M probe and in 76% of the subjects with the XL probe (p<0.001) [15] . On the other hand, 59% of cases with invalid measurements by M probe, could successfully be evaluated using the XL probe. This was the first step to the introduction of the XL probe in daily practice, especially in obese subjects.
Another study that evaluated a cohort of 276 overweight and obese patients with viral hepatitis or NAFLD, showed that failure to obtain values by TE was 1.1% using the XL probe and 16% using the M probe [16] . Reliable measurements were obtained in 73% of cases by the XL probe vs. 50% by the M probe (p<0.00005). On the other hand, by using the XL probe, 61% of patients in whom the M probe was unreliable could be evaluated.
Another observation from this study was that median liver stiffness values using the XL probe were lower than those obtained with the M probe (6.8 versus 7.8 kPa; p<0.00005) [16] . The same thing was observed in a study from our Department, in which paired measurements were performed with both probes in 98 patients. XL LSM values strongly and significantly correlated with those obtained by The same results were obtained by the group of FriedrichRust in a study on 50 patients with NAFLD/NASH who underwent liver biopsy and TE measurements. In their study the median liver stiffness measurement with the XL probe was significantly lower than when using the M probe (6.9 kPa vs. 8.4 kPa, p<0.001) [18] . The reason might be that nonhepatic tissue is involved in the measurement with the M probe in patients with a skin-to-capsule distance greater than 25 mm [18] . So, it must be taken into consideration that the XL probe can underestimate the severity of fibrosis, and, when in doubt, liver biopsy should be performed. A drawback of our study is that it is a retrospective one, but it shows real life results of the patients in our area. In daily practice, at least in developed countries, where obesity is a real problem, this large monocentric cohort of patients can be an indication of the utility and feasibility of TE in real life setting. In an area with quite a large proportion of overweight and obese patients (such as ours), the intend-to-diagnose performance of a method is important. In our cohort we can estimate how often we can obtain valid measurements by TE, according to the BMI. Thus, in severely obese subjects, BMI ≥40 kg/m 2 , from which only 53% could be evaluated even by XL probe, the use of a biological test (such as FibroTest or FibroMax) can be an alternative for the non-invasive evaluation of fibrosis. Also, another shear wave elastographic method -Acoustic Radiation Force Impulse Elastography -should be taken into consideration, since its feasibility seems to be better [19] .
In conclusion, in this large cohort of real life patients, the feasibility of TE with M probe was 62.2 %. Reliable measurements, using both M or XL probes allowed the evaluation of liver stiffness in 93.5% of all cases and reliable liver stiffness measurements can be obtained in the majority of the obese and overweight patients (87.2%).
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